Synthesis and hydrolysis of ATP and the phosphate-ATP exchange reaction in soluble mitochondrial F1 in the presence of dimethylsulfoxide.
In medium containing 40% dimethylsulfoxide, soluble F1 catalyzes the hydrolysis of ATP introduced at concentrations lower than that of the enzyme [Al-Shawi, M.K. & Senior, A.E. (1992), Biochemistry 31, 886-891]. At this concentration of dimethylsulfoxide, soluble F1 also catalyzes the spontaneous synthesis of a tightly bound ATP to a level of approximately 0.15 mol per mol F1 [Gómez-Puyou, A., Tuena de Gómez-Puyou, M. & de Meis, L. (1986) Eur. J. Biochem. 159, 133-140]. The mechanisms that allow soluble F1 to carry out these apparently opposing reactions were studied. The rate of hydrolysis of ATP bound to F1 under uni-site conditions and that of synthesis of ATP were markedly similar, indicating that the two ATP molecules lie in equivalent high affinity catalytic sites. The number of enzyme molecules that have ATP at the high affinity catalytic site under conditions of synthesis or uni-site hydrolysis is less than the total number of enzyme molecules. Therefore, it was hypothesized that when the enzyme was treated with dimethylsulfoxide, a fraction of the F1 population carried out synthesis and another hydrolysis. Indeed, measurements of the two reactions under identical conditions showed that different fractions of the F1 population carried out simultaneously synthesis and hydrolysis of ATP. The reactions continued until an equilibrium level between F1.ADP + Pi <--> F1.ATP was established. At equilibrium, about 15% of the enzyme population was in the form F1.ATP. The DeltaG degrees of the reaction with 0.54 microM F1, 2 mM Pi and 10 mM Mg2+ at pH 6.8 was -2.7 kcal.mol-1 in favor of F1.ATP. The DeltaG degrees of the reaction did not exhibit important variations with Pi concentration; thus, the reaction was in thermodynamic equilibrium. In contrast, DeltaG degrees became significantly less negative as the concentration of dimethylsulfoxide was decreased. In water, the reaction was far to the left. The equilibrium constant of the reaction diminished linearly with an increase in water activity. The effect of solvent is fully reversible. In comparison to other enzymes, F1 seems unique in that solvent controls the equilibrium that exists within an enzyme population. This results from the effect of solvent on the partition of Pi between the catalytic site and the medium, and the large energetic barrier that prevents release of ATP from the catalytic site. In the presence of dimethylsulfoxide and Pi, ATP is continuously hydrolyzed and synthesized with formation and uptake of Pi from the medium. This process is essentially an exchange reaction analogous to the phosphate-ATP exchange reaction that is catalyzed by the ATP synthase in coupled energy transducing membranes.